The genes for the j3 and e subunits of ATP synthase were cloned from rice chloroplast DNA. The nucleotide sequences and the deduced amino acid sequences of these genes were determined.
INTRODUCTION
ATP synthase is an important participant in photosynthesis, and five of its eight subunits are encoded by chloroplast DNA in higher plants (Shinozaki et al., 1986) . The genes for the j9 and e subunits (atpB and atpE, respectively) of ATP synthase are located close to the gene for the large subunit of RuBisCO, another important participant in photosynthesis, but are transcribed in the opposite directions (Krebbers et al., 1982) . Although both ATP synthase and RuBisCO are key enzymes in photosynthesis, they are distinct in terms of the following characteristics. ATP synthase is expressed in both mesophyll and bundle sheath cells in C4 plants, such as maize, while RuBisCO is not expressed in mesophyll cells in C4 plants (Link et al., 1978) . However, when RuBisCO is expressed in any plant cell, the level of expression of RuBisCO is much greater than that of ATP synthase.
Furthermore, it has been reported that the efficiency of atpB transcription is affected by the rbcL promoter region because of close spacing of the two genes (Hanley-Bowdoin and Chua, 1989) . Thus, in order to understand the mechanism of chloroplast gene expression, it is of interest to accumulate the data for the fine structure of two genes and the intercistronic region between them and the expression of two genes from several plants.
We have recently reported the nucleotide sequence and S1 mapping data for the large subunit of RuBisCO from rice, and we found a possible C4-specific deletion 9 1 Present address: Natinoal Institute of Agrobiological Resources , Tsukuba 305, Japan. *Corresponding author .
bases upstream from the "--35" region, using our data and those of others (Nishizawa and Hirai, 1987) . Therefore, it is also of interest to compare the sequences of the promoter regions of the subunit of ATP synthase from maize and rice, a protein whose expression is same in C3 and C4 plants.
In this paper, we report nucleotide sequences of the atpB/E genes from rice, and demonstrate that the nucleotide sequences in the promoter regions of the genes from rice and maize are identical.
We also show that a stem and loop structure at the 3' end of the mRNA is less stable than the corresponding structures in the stable mRNAs transcribed from the rbcL and psbA genes in chloroplasts.
MATERIALS AND METHODS
Pst-14 and Hind-1 fragments of chloroplast DNA from rice (Hirai et al., 1985) were cloned in pUC8 and pUC18 respectively.
These plasmid DNAs were digested with restriction enzyme(s) and subcloned into M13mp10 or M13mp11. The nucleotide sequence was determined by the dideoxy method (Sanger et al., 1977) . S1 mapping was carried out by the method of Maniatis et al. (1983) , using rice total leaf RNA.
The free energy of stem and loop structures was calculated by the method of Tinoco et al. (1973) .
RESULTS AND DISCUSSION
Nucleotide sequence of atpB and atpE
The nucleotide sequence and the deduced amino acid sequence of atpB and atpE are shown in Fig. 1 . The j9 and e subunits of ATP synthase from rice contain 498 and 137 amino acids, respectively.
Furthermore the two genes overlap by 4 bp, as they do in other plants (Krebbers et al., 1982) . As shown in Table 1 , homologies in nucleotide and amino acid sequences of the two subunits among four important cereal plants are similar. Therefore, it is interesting that the amino acid sequence of the ~9 subunit from rice shows 91.6% homology to the sequence of the j3 subunit from tobacco, while the e subunit shows only 72.5% homology to the amino acid sequence of the subunit from tobacco (Shinozaki et al., 1983) .
Promoter site of atpB
We performed an analysis by S1 mapping to determine the site of initiation of transcription and to locate the promoter region of the atpB gene. As illustrated in Fig. 2 , our results show that transcription begins about 340 bases upstream from a SmaI site, i.e. about 310 bases before the atpB protein-coding region. Howe et al. (1985) ; Shinozaki et al. (1983) .
2, Zurawski and Clegg (1984) RuBisCO (Nishizawa and Hirai, 1987) , has not been detected in the corresponding position of the atpB gene in maize.
Structure of the 3' end of atpB and atpE A transcriptional terminator-type stem and loop structure was found about 50 bases downstream from the stop colon. The free energy of this structure, when transcribed into RNA, was calculated to be -17.4 kcal/mol. This value shows that the structure is less stable than the free energies of analogous structures in =rbcL or =psbA, as shown in Fig. 4 . Stern and Gruissem (1987) proposed that a stem and loop structure acts to protect mRNA from degradation.
Therefore, this unstable structure may reflect the potential instability of the mRNA for the ~9 and e subunits, and may explain the low level of synthesis of these proteins.
